Ether-Soluble Substances on the Skin of the Human External Auditory Canal1  by Chiang, S.P. et al.
ETHER-SOLUBLE SUBSTANCES ON THE SKIN OF THE HUMAN
EXTERNAL AUDITORY CANAL*
S. P. CHIANG, Pn.D., C. F. GESSERT, PH.D., 0. H. LOWRY, M.D. AND
B. H. SENTURIA, M.D.
(With the technical assistance of E. S. BAIJMANN and B. C. ADLER, M.D.)
A study of the ether-soluble substances found on the skin surface of the audi-
tory canal was made as part of an integrated investigation of diseases of the
external ear (1). Since only relatively small quantities of ear secretions were
available for analysis, it was deemed desirable to adapt microtechnics for meas-
uring the samples of secretion. Such micromethods were developed and applied
(2, 3, 4).
This report deals with the determination of the total amounts of ether-soluble
substances present in casual and fresh cerumen obtained at various intervals and
with the percentage of cholesterol found in some of the lipid specimens. Infor-
mation concerning the amounts of ether-soluble substances in the surface film
will provide some knowledge of the physiology of the epidermal glands of the
skin of the external auditory canal.
Because of the very small amount of material available and the comparative inaccessi-
bility of the ear canal, there have been few analyses of cerumen. Nakashima (5) found 2.48
per cent cholesterol in dried pooled cerumen, the cholesterol constituting 13.8 per cent of
the lipid material. Wheatley (6), in a study of sehum-like substances, reported 12.1 to 17.1
per cent cholesterol in the lipids of cerumen.
There have been, however, numerous investigations concerned with the secretions on
the surface of the skin in more accessible areas of the body. Kirk (7), Jones et al. (8, 9), and
Rothman (10) have reviewed these studies.
Emanuel (11) reported considerable differences in both the amounts and rates of secretion
of sebum among 14 subjects. There were also large differences in the rates of secretion in
various regions of the body of the same individual, with the highest rate found on the fore-
head and the lowest on the extremities. However, the daily secretion in a given skin area of
any one individual was essentially constant. Herrmann et al. (12) found that the delivery
of lipids to the skin surface was increased by the delivery of sweat, except in the axillary
vaults. Kirk (7),in a study of 234 individuals, found that the amount of lipid secreted on the
skin of the forehead in a 4-hour period was 46 to 91 per cent of the total amount secreted in
a 12-hour period. Miescher and Schonberg (13), Dunner (14), Herrmann and Prose (15), and
Jones et al. (8) reported that the frequency of collection in a given period influences the
apparent rate of secretion during that time. When there were fewer collections with longer
intervals between them, less total lipid was obtained during a given period than when there
were more collections at shorter intervals.
Butcher and Parnell (16), using an ether-alcohol (1:1) mixture, reported a cholesterol
content of 6.3 to 10.0 per cent in sebum which had accumulated on the foreheads of three
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subjects for periods of 1 to 7 days. Kirk (7), who took specimens that represented rio more
than one day's accumulation, found the average for 176 adults to be only 3.2 per cent cho-
lesterol in the lipids which were ether-extracted from areas of the forehead and filtered in
solution to remove cellular debris. Kvorning (17), who used the same method as Kirk, also
found that cholesterol constituted 3 to 4 per cent of the total lipids on the surface of the
forehead. Washburn and Liese (18) found the average per cent of cholesterol in the surface
lipids of the hand and forearm to be 8.7 in children and 5.2 in adults.
Herrmann and Prose (15) designated the amount of ether-soluble substances obtained
from an unprotected area which had not been washed for 24 hours prior to sampling as the
"casual level" of secretion. The "replacement sum" was the total amount of lipid from four
successive half-hourly collections. In their study of various skin areas, some correlation was
found between the casual levels and the replacement sums, in that the latter were usually
high in areas where the former were high, and vice versa.
Definition of Terms. An attempt was made to utilize the terminology of previ-
ous investigators, but the requirements of this study made some modifications
necessary. The following are definitions of the terms used in the present report:
Ether-soluble substances (ESS) are the lipids which were extracted with ether
from the cerumen specimens.
Casual samples* are the specimens obtained from the unprotected skin surface
of the ear canal at the beginning of the period of observation, without previous
cleansing or treatment of the canal, and using a standardized procedure for
obtaining the specimen.
Zero-day refers to the initial day of any series of observations. Specimens desig-
nated as zero-day samples were collected immediately after cleansing the ear
canal.
A fresh sample is a specimen collected in the prescribed manner at any time
after zero-day.
The average daily replacement (ADR) is a measure of the rate of lipid renewal
on the skin surface during any interval between successive collections. It is cal-
culated by dividing the amount of ESS in a fresh specimen by the number of
days in the interval since the preceding collection.
Replacement total* (RT) at any given time is the total amount of ESS that
has been extracted from all of the fresh specimens collected by that time from a
single ear.
EXPERIMENTAL
Subjects. The individuals who volunteered for this study were healthy adults
with grossly normal ear canals.
Collections of specimens. Casual specimens were obtained by removing any
gross accumulations of wax with an ear curette and the remaining portion with
two cotton swabsf moistened with redistilled ether. After collecting the casual
sample, the ear canal was irrigated with warm tap water and then thoroughly
dried with swabs of cotton.
* Casual samples and replacement totals are not to be confused with "casual levels" and
"replacement sums" as defined by Herrmann and I'rose (15).
The swabs for taking specimens were made of cotton that was tightly wound in thin
layers around the ends of wooden applicators until the tips were 3—4 mm in diameter. Either
the cotton (in the case of laboratory-prepared swabs) or commercially-made swabs were
extracted with acetone in a Soxhiet apparatus for 10 hours.
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For the casual specimens and each of the fresh specimens, light, uniform pres-
sure and a circular motion were used to wipe the ear canal five times with each of
two ether-moistened swabs. *
Determination of Ether-Soluble Substances. The casual specimens (which were
obtained by curette and on cotton swabs) were extracted twice with redistilled
ether. The two swabs used for each fresh specimen were likewise extracted with
ether. The amount of ESS was then measured either by direct weighing, or by a
colorimetric method adapted to a micro-scale by Chiang et al. (4). When direct
weighing was used, the extract was transferred to a tared beaker, the ether was
evaporated, and the beaker plus sample were weighed on a Fisher semi-micro-
gramatic balance, which has a sensitivity of micrograms. When the color-
imetric method was used, the procedure to be reported (4) was followed,
with minor modifications for one group of specimens.
Determination of cholesterol. The amount of cholesterol in certain specimens
was determined as follows: Aliquots of the ESS extracts were measured into 3 ml.
fluorometer tubes; after the evaporation of the ether, the microfluorometric
method of Albers and Lowry (19), which measures both free and esterifled
cholesterol, was used for the determination of cholesterol.
RESULTS ANI) 1)ISCIJSSION
The amounts of ESS extracted from individual, casual specimens and the
data obtained on fresh specimens of cerumen at various intervals are presented
in Table I. The data pertain to 30 ears of 16 persons of whom 10 were male and
6 female ranging in age from 24 to 57 years (mean = 37).
There were large differences in the amounts of ESS found in casual specimens,
with an overall range from 0.40 to 11.83 mg. (mean 3.71; S.D. = 2.75).
However, among the persons in whom both ears were observed (with the excep-
tion of Subject G), there was a correlation between the casual amounts found
in the two ears of each subject.f
Zero-day specimens were obtained from 14 ears of 8 persons (immediately
following thorough cleansing of the ear) and revealed amounts of ESS ranging
from 0.16 to 1.14 mg. In view of other evidence to be presented later, these
data are interpreted to show that there are small, variable quantities of ESS
which remained on the skin surface after the procedure used in this study for
cleaning the ear canal.
At any given time there were large differences in replacement totals (RT's)
among individuals, as evidenced by the wide range in the average daily re-
placement (ADR) from subject to subject. In some individuals the RT did not
increase at a steady rate; i.e., there was a large variation in the ADR from one
interval to another in the same subject. Nevertheless, there was a high degree of
* So as to avoid traumatizing the ear canal and to afford a uniform manner of collecting,
only 2 swabs were used routinely for each specimen. In a few instances when unusually
large amounts of fresh cerumen were anticipated, three or four swabs were used. These
exceptions are noted in Table I.
t The coefficient of correlation was 0.55, which is significant at the 10 per cent level of
confidence.
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TABLE II
Amounts and percentages of cholesterol in the ether-soluble .ubstances of casual and
fresh cerumen
Days after Cleaning
Casual Zero-DaySubject Age &&Ear Sex 7 14
mg. mg. mg. mg.
N-R 31 M 1.41 19.0 0.09 13.5 0.28 15.8 0.35 17.4
-L 1.04 19.1 0.21 23.5 0.22 16.7 0.29 17.0
P-R 33 M 0.46 16.0 0.16 19.3 0.23 7.0 0.35 6.0
-L 0.33 18.8 0.14 19.3 0.26 9.9 0.19 7.7
Q-R 37 F 1.18 16.0 0.28 24.9 0.22 10.8 0.20 9.6
-L 1.32 11.1 0.15 15.5 0.30 8.7 0.19 8.1
S-R 54 F 0.36 16.1 0.10 32.3 0.09 15.4 0.04 15.2
-L 0.98 26.4 0.09 22.4 0.10 19.4 0.07 20.6
T-R 34 M 0.36 10.8 0.03 6.0 0.10 9.4 0.16 8.1
-L 0.22 11.0 0.03 8.6 0.14 8.8 0.17 7.0
Mean 0.766 16.4 0.128 18.5 0.194 12.2 0.201 11.7
correlation between the amounts of fresh lipid secreted in the right and left ears.
The coefficient of correlation (20) between the two ears of individuals with
respect to the amount of ESS in the first fresh specimen (after zero-day) was
0.93. Likewise, the correlation between the right and left ears with respect to
the final replacement totals was also 0.93. These two high coefficients are sig-
nificant beyond the 1 per cent level of confidence. They are interpreted to indi-
cate that the two normal ears of a given subject are very likely to secrete fresh
ESS at the same rate, even though they show only moderate correlation with
respect to their casual amounts.
The ESS data pertaining to Subjects A through H in Table I indicate that
the average daily replacements were higher when the collections were more
frequent during a given period, as during the first week for these individuals.
Similar observations had been made previously by Mieseher and Schonberg
and others (13, 14, 15, 8). On the other hand, in the ears of subjects N through
T, in which there were only single collections at one and two weeks after cleansing,
the individual ADI4's during these two weeks were more constant. The mean
ADR of these subjects on the fourteenth day (0.305) was not significantly
different from the mean on the seventh day (0.259).
It is of clinical interest that by the seventh or eighth day after cleansing,
only 6 of 28 ears had replacement totals which equaled or exceeded their respec-
tive casual amounts; however, by the fourteenth or fifteenth day, the replace-
ment totals in 18 of 27 ears exceeded their casual amounts.
The amounts and percentages of cholesterol contained in the ether-soluble
substances of casual and fresh cerumen obtained from the ears of five of the
same sixteen subjects are shown in Table II. Mean values were computed and
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statistical analyses were made regarding both the amounts and the percentages
of cholesterol in the total ether-soluble substances.*
The analyses indicated that there were no systematic differences between the
right and left ears of individuals with respect to the amounts or the percentages
of cholesterol found at any time. In this group of subjects, there were no differ-
ences reportable in amounts of cholesterol found on zero-day and the seventh
and fourteenth day, but the amounts found in casual specimens were signifi-
cantly greater than any of these.
On the other hand, the analyses showed that the percentage of cholesterol in
the ether-soluble substances of zero-day specimens was not significantly different
from that iii casual specimens. Furthermore, the percentages in seventh and
fourteenth day specimens did not differ from one another, but both were sig-
nificantly less than those in the casual and zero-day specimens. These findings
support the belief that zero-day specimens of ESS are composed mostly of
residual material not removed by the cleansing procedure, rather than of fresh
secretions. Both casual and fresh eerumen are composed partly of sebum and
partly of exfoliated, keratinized cells. Since there is more cellular material in
casual cerumen than in fresh, the lipids from epidermal cells constitute a greater
proportion of the total ESS in casual (and zero-day) specimens than they do in
fresh specimens. Furthermore, since the "cell fats" of the horny layer contain a
much higher percentage of cholesterol than do the "secretion fats" of sebum
(23), it follows that the ESS of casual cerumen would contain a higher per-
centage of cholesterol than is found in the ESS of fresh cerumen.
The mean percentage of cholesterol in the ether-soluble substances was found
to be 16.4 in casual specimens and 12.2 and 11.7 in the fresh on the seventh
and fourteenth days. These findings were comparable to the 12.1 to 17.1 per
cent cholesterol in cerumen lipid reported by Wheatley (6) and the 13.8 per cent
calculated from Nakashima's data (5). These percentages were considerably
higher than the 3 to 4 per cent cholesterol in lipids from a single day's accumula-
tion on the forehead, as found by Kirk (7) and Kvorning (17), and even some-
what higher than the averages of 6.3 to 10.0 per cent which Butcher and Parnell
(16) found in forehead lipids that accumulated for periods of one to seven days
prior to collection.
SUMMARY
Technics were developed for collecting the ether-soluble substances (ESS)
from the normal skin surface of the human external auditory canal. Measure-
ments were made of the amounts of total ESS and cholesterol obtained both be-
fore and at stated intervals after cleaning the ear canal. From these data, com-
parisons were made between casual and fresh specimens.
* The data on amounts and percentages of cholesterol were examined by an analysis of
variance technic in a factorial design which included subjects, right vs. left, and day of
sample as "fixed" main effects and the interactions among these main effects (21). The
second order interaction was used as the error term and the 5 per cent point as the critical
point in these analyses. Appropriate angular transformations were applied to the percentage
data before analysis (22).
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A wide range in the amounts of ESS in both Casual and fresh specimens, as
well as in the average daily replacement of the ESS was found among the sub-
jects. Nevertheless, there was a moderate correlation between the quantities of
casual ESS found in the right and left ears of individuals and a high correlation
with respect to the amounts of fresh lipid secreted in a given time.
The average daily replacements seemed to he higher when the collections
were more frequent during a given period, and tended to be constant during
successive periods when the intervals between collections were the same length.
Within fifteen days after cleansing, approximately two-thirds of the ears ob-
served had ESS replacement totals which exceeded their respective casual
amounts.
The percentages of cholesterol in ESS were significantly lower in fresh speci-
mens than in casual. The averages of both, however, were comparable to the
range of cholesterol previously reported for cerumen lipid, and greater than the
percentages found in sebum from other areas of the body.
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